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Abstract. We present in this paper several results related to the study of multivalued com-
plementarity problems. Our results are based on the notions of exceptional family of elements
and infinitesimal exceptional family of elements. A duality between these notions and the
scalar derivatives are also used. The duality is achieved by using inversions.
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1. Introduction

The complementarity theory is now in developing. The main goal of this
relatively new domain of Applied Mathematics is the study of complemen-
tarity problems. In many practical problems the complementarity problems
are related to the study of equilibrium; equilibrium as it is considered in
Physics, in Technics and also the equilibrium of economical systems.

There exists four classes of complementarity problems: (1) explicit com-
plementarity problems; (2) implicit complementarity problems; (3) comple-
mentarity problems with respect to an ordering and (4) multivalued
complementarity problems. The multivalued complementarity problems are
considered because in many practical problems instead of single-valued
mappings set-valued mappings arise. The set-valued mappings are related
to the presence of perturbations in the approximate definition of function
values or to the uncertainty in mathematical models. While many results
have been obtained for complementarity problems defined by single-valued
mappings, there are relatively few papers dedicated to complementarity
problems defined by set-valued mappings (see [1-14]).

In this paper we present several results on multivalued complementarity
problems by using the notions of exceptional family of elements, infinite-
simal exceptional family of elements and scalar derivatives. Because the
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notion of infinitesimal exceptional family of elements, we can use the scalar
derivative at the origin.

By a special inversion we introduce a duality between the exceptional
family of elements and the infinitesimal exceptional family of elements. By
using this duality we show how new classes of set-valued mappings for
which the multivalued complementarity problem has a solution can be
obtained. We used a similar duality in our papers (G. Isac and S.Z.
Németh, submitted for publication) dedicated to the complementarity
problems defined by single-valued mappings.

This paper emphasizes the effectiveness of the topological method based
on the notion of exceptional family of elements introduced by the first
author of this paper in [15] and applied in the study of complementarity
problems and variational inequalities in [10, 15-29]. We note that the
notion of exceptional family of elements is based on the Leray—Schauder
type alternatives.

This work can be considered as a starting point of a new research direc-
tion in the study of multivalued complementarity problems.

2. Preliminaries

Let (H,(-,-)) be a Hilbert space. K C H is called a closed pointed convex
cone if the following conditions are satisfied:

1. K+KCK,
2. AKC Kforall A€ R,,
3. Kn(=K)={0}.

A closed pointed convex cone K induces an ordering on H defined by x<y
if and only if y — x € K. The dual cone of K is the closed convex cone K*
defined by

K* = {y € H|(x,y) >0 for all x € K}.

Since K is closed and convex, the projection operator Px: H — K onto K is
well defined by the equation

e = min ||x — .
by = Pic(x) | = min [} — y]|

It is known that for every x € H, Pk(x) is uniquely defined by the rela-
tions:

(i) (Pk(x)—x,y)=0forall y € K,
(i) (Pg(x) —x, Pg(x)) =0.

All topological vector spaces in this paper are assumed to be real Haus-
dorff spaces. Let E, F be topological vector spaces, X C £ and Y C F.
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Denote by dX, X and co(X) the boundary, the closure and the convex hull
of X, respectively and by P(X) the family of all non-empty subsets of X.

Let /: X — Y be a set-valued mapping, i.e., /: X — P(Y). The mapping [
is called upper semicontinuous (u.s.c.) on X if the set {x € X|f(x) C V} is
open in X whenever V is an open subset of Y. f is said to be compact if
f(X) is relatively compact in Y.

A subset D of E is called contractible if there is a continuous mapping
h:D x [0,1] — D with h(x,0) = x and &(x, 1) = xy, for some x¢ € D.

We note that if D is convex, it is contractible since for any xo € D we
can consider h(x,t) = txo+ (1 —¢)x. Similarly, a starshaped set at xq is
contractible to xo. If M C X is a non-empty subset, we say that a continu-
ous mapping r: X — M is a retraction if and only if r(x) = x for all x € M.
In this case we say that M is a retract of X. A set D C X is called a neigh-
borhood retract if and only if D is a retract of some of its neighborhoods.

A compact metric space M is called an absolute neighborhood retract
(ANR) if it has the universal property that every homeomorphic image of
M in a separable metric space is a neighborhood retract. Every compact
convex set in an Euclidean space is an absolute neighborhood retract. It is
well known that if /: X' — Y is (u.s.c) and f{x) is compact for every x € K,
then for every compact subset D of X the set

= J

xeD
is also compact [30].
If Q is a lattice with a minimal element denoted by 0, a function
® :P(E) — Q is called a measure of non-compactness provided that the fol-
lowing conditions hold for any X7, X, € P(E):

®(co(Xy) = O(X1),
®(X;) =0 if and only if X, is precompact,
3 O(X; U X,) = max{®(X;), D(X2)}.

We say that a mapping f: X — Y is ®-condensing if for all 4 C X with
O(f(4)) =D(A), A is relatively compact.

A compact set-valued mapping f: X — E is ®-condensing if either the
domain X is complete or E is quasi-complete.

Every set-valued mapping defined on a compact set is ®-condensing (see
[31-33)).

3. Approachable and approximable mappings

Let E(r) be a Hausdorff locally convex topological vector space, !l be a
fundamental basis of convex symmetric neighborhoods of the origin and
X, Y non-empty subsets of E. In this paper we suppose that /: X — Y is a
set-valued mapping with non-empty values.
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We say that a single-valued mapping s: X — Y is a selection of the set-
valued mapping /: X — Y if for any x € X, s(x) € f(x).

In [31, 34-38] were introduced and studied the following notions.

For given U, V € U, a function s: X — Y is called a (U, V)-approximable
selection of fif for any x € X,

s(x) e (f[(x+U)NX]+V)NY.

The set-valued mapping f: X — Y is said to be approachable if it has a
continuous (U, V)-approximable selection for any (U, V) € U x 1.

Finally, we say that f: X — Y is approximable if its restriction f |, to any
compact subset D of X is approachable. Examples of approachable and ap-
proximable mappings can be found in [31, 34-38]. Now we indicate a few
examples.

If X is a topological space, Y a convex subset in a locally convex space
and f: X — Y an u.s.c. with convex values, then f is approximable. If X is
a compact ANR, Y is an ANR and the values of f are compact, then f is
approachable.

4. Complementarity problem

Let (H,(-,-)) be a Hilbert space, K C H a closed pointed convex cone and
f+H — H a set-valued mapping with non-empty-values.

We say that f is completely upper semicontinuous (c.u.s.c.) if it is upper
semicontinuous and for any bounded set BC H we have that
S(B) = ,cpf(x) is relatively compact.

We say that f'is projectionally ®-condensing (projectionally approximable)
with respect to K if Pg(f) is ®-condensing (resp. approximable).

The Multivalued Complementarity Problem defined by f'and the cone K is

find x, € K and
MCP(f, K):{ x/ € f(x.) N K* such that
(x,,x') = 0.

5. Scalar derivatives

Let (H,(-,-)) be a Hilbert space, C C H a set which contains at least one
non-isolated point; F,G:C — H be set-valued mappings and x, a non-iso-
lated point of C. The following definition is an extension of Definition 2.2
[39]:

DEFINITION 5.1. The limit

(xF = xb x — xo)

# o . .
E7(xo) = liminf = ol
xF el-'(.\‘),.\’giel"(A\’O) 0
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is called the lower scalar derivative of F at xo. Taking limsup in place of
liminf, we can define the upper scalar derivative F” (xo) of F at x( similarly.

Definition 5.1 can be extended for the unordered pair of set-valued map-
pings (F,G). The idea was inspired by the notion of derivative of a func-
tion with respect to another function [40].

DEFINITION 5.2. The limit

F,G)"(xy) = liminf
u (xo) pasreery x — Xon
,\FGF(\’)‘,\'(I;EF(.\'O)

,\’GEG(.\),.\'OGEG(,\’O)

(x — x£,x6 — x6)

is called the lower scalar derivative of the unordered pair of set-valued
mappings (F,G) at xo. Taking limsup in place of liminf, we can define the

upper scalar derivative (F, G)#(xo) of (F,G) at x( similarly.
REMARK 5.1. If G = I, we obtain Definition 5.1.

Scalar derivatives were studied in [39, 41] and successfully applied to fixed
point theorems in [42, 43] and to complementarity problems in [44, 45].

6. Inversions

Let (H, (-,-)) be a Hilbert space and || - || the norm generated by (-,-). The
following definition is an extension of Example 5.1 p. 169 [46]:

DEFINITION 6.1. The operator
X

i:H\ {0} — H\{0};  i(x) =P

is called inversion (of pole 0).

It is easy to see that i is one to one and i~' = .

Let K C H be a closed pointed convex cone and f: K — H a set-valued
map. Since K\ {0} is an invariant set of i the following definition makes
sense.

DEFINITION 6.2. The inversion (of pole 0) of the set-valued mapping f is
the set-valued mapping Z(f' ) : K — H defined by

we - {000 e

We can show that Z(Z(f)) = f.
The properties of inversions were studied in detail in [42].
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7. Exceptional family of elements

The next definition can be found in [9].

DEFINITION 7.1. Let (H,(-,-)) be a Hilbert space, K C H be a closed
pointed convex cone and f: H — H a set-valued mapping. We say that a
family of elements {x,},., C K is an exceptional family of elements for f
with respect to K, if for every real number » > 0, there exists a real number

, > 0 and an element x/ € f(x,) such that the following conditions are sat-
isfied:

. u=px + x{f € K* for all r > 0,
2. (uy,x,) =0 forall r >0,
3. ||x|| = +o0 as r — 4o0.

The next theorem is Theorem 2 of [9].

THEOREM 7.1. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone and f: H — H an u.s.c set-valued mapping with non-empty val-
ues. If the following assumptions are satisfied

1. x—f(x) is projectionally ®-condensing, or f(x) = x — T(x), where T is
a c.u.s.c. set-valued mapping with non-empty values,

2. x—f(x) is projectionally approximable and Pg|x — f(x)] is with closed
values,

then there exists either a solution to the problem MCP(f,K), or an excep-
tional family of elements for f with respect to K.

The next definition can be found in [9].

DEFINITION 7.2. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone. We say that a set-valued mapping f: H — H with non-empty
values satisfies condition ® with respect to K if, there exists a real number
p >0 such that for each x € K with |/x| > p there exists p € K with
2|l < ||x]| such that (x — p,x) >0 for all ¥ € f(x).

DEFINITION 7.3. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone. We say that a set-valued mapping f/: H — H with non-empty
values satisfies condition ® with respect to K if, there exists a real number
p > 0 such that for each x € K there exists p € K with (p,x) < ||x||* such
that (x — p,¥/) >0 for all ¥/ € f(x).

The next lemma shows that condition ® is an extension of condition ®.
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LEMMA 7.1. Let (H,(-,-)) be a Hilbert space, K C H a closed convex cone
and [ H — H a set-valued mapping with non-empty values. If f satisfies con-
dition ® with respect to K, then it satisfies the condition © with respect to K.

Proof. Since f satisfies condition ® with respect to K, there exists p > 0
such that for each x € K with ||x|| > p, there exists p € K with |]p|| < ||x]|
such that (x — p,x) >0 for all ¥ € f(x). By the Cauchy inequality

2
;%) <llpllllx[l < llx[]".
Hence, f satisfies condition ® with respect to K. OJ

The next theorem is proved in [9].

THEOREM 7.2. Let H be a Hilbert space, K C H a closed pointed convex
cone and - H— H a set-valued mapping with non-empty values. If f satisfies
condition ® with respect to K, then it is without exceptional family of ele-
ments with respect to K.

THEOREM 7.3. Let H be a Hilbert space, K C H a closed pointed convex
cone and [ : H — H a set-valued mapping with non-empty values. If f satisfies
condition ® with respect to K, then it is without exceptional family of ele-
ments with respect to K.

Proof. Suppose to the contrary, that f has an exceptional family of ele-
ments {x.},., C K with respect to K. Since ||x,|| — co as r — oo, we can
choose a real number r such that |x,|| > p. By condition ® there exists
pr € K such that (p,, x,) < ||x,||* and

(x, —pr, XV=0, forall ¥ € f(x,) (1)

By the definition of the exceptional family of elements there exists p, > 0
and x/ € f(x,) such that

U, = p,x, + x. € K*
and (2)
(tryx,) =0

By Equation (1) and (2) we have
0< (X, = pry X)) = (% = Prythr — ;)
=(x = prottr) — 15> + 11, (pr i)
< = w5l = (pryx)) <0

which is a contradiction. ]
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8. Infinitesimal exceptional family of elements

DEFINITION 8.1. Let (H,(-,-)) be a Hilbert space K C H a closed pointed
convex cone and g: K — H a set-valued mapping with non-empty values.
We say that {y,},., C K is an infinitesimal exceptional family of elements
for g with respect to K, if for every real number r > 0, there exists a real
number g >0 and an element )¢ € g(y,) such that the following condi-
tions are satisfied:

L. vo=puy +)$c K,
2. <Vr;yr> =0,
3. y»—0asr— +oo.

DEFINITION 8.2. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone. We say that a set-valued mapping g: H — H with non-empty
values satisfies condition '® with respect to K if, there exists a real number
A > 0 such that for each y € K\ {0} with ||y|| < 4, there exists ¢ € K with
lqll < [ly]l such that

(y_qug>>07 (3)
for all y¢ € g(»).

DEFINITION 83. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone. We say that a set-valued mapping g: H — H with non-empty
values satisfies condition '® with respect to K if, there exists a real number
A > 0 such that for each y € K\ {0} with ||y|| < 4, there exists ¢ € K with
(95) < |[7]]* such that

<y_CI7yg>>07 (4)
for all y¢ € g(y).

The next lemma shows that condition ‘® is an extension of condition ‘®
and it can be proved similarly to Lemma 7.1.

LEMMA 8.1. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed con-
vex cone and g:H — H a set-valued mapping with non-empty values. If g
satisfies condition '® with respect to K, then it satisfies condition '@ with
respect to K.

THEOREM 8.1. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone and g: H — H a set-valued mapping with non-empty values. If g
satisfies condition '® with respect to K, then it is without infinitesimal excep-
tional family of elements with respect to K.
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Proof. Suppose to the contrary, that g has infinitesimal family of ele-
ments {y,},., C K with respect to K. For any r > 0 such that ||y,|| <p
there is an element ¢, € K with (¢, y,) < ||| satisfying relation (3), i.e.,

(yr — g, %)) =0.

for an arbitrary y¢ € g(y,). Since, according to Definition 8.1, (v,,y,) =0
and v, € K*, we have

0<(y — qr7J’§> =V — qry Ve — 1Y)
= - /‘rHyl'Hz - <qr7 Vr) + :ur<ql'7yl”>
2
< = ([l lI” = (g 3r)) <O,

which is a contradiction. ]

REMARK 8.1. At first sight Theorem 8.1 seems to be a direct conse-
quence of Theorems 9.2 and 9.4, proved in the next section. However, note
that there might be an infinitesimal family of elements of g which contains
Zero.

COROLLARY 8.1. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone and g: H — H a set-valued mapping with non-empty values. If g
satisfies condition '® with respect to K, then it is without infinitesimal excep-
tional family of elements with respect to K.

Proof. By Lemma 8.1 g satisfies condition i® with respect to K. Hence,
by Theorem 8.1 g is without infinitesimal exceptional family of elements
with respect to K. ]

REMARK 8.2. At first sight Corollary 8.1 seems to be a direct consequence
of Theorem 9.2 and 9.5, proved in the next section. However, note that
there might be an infinitesimal family of elements of g which contains zero.

9. A duality and main results

THEOREM 9.1. Let (H,(-,-)) be a Hilbert space K C H a closed convex
cone and f: K — H a mapping. Then (x.,x.)&{0} x H is a solution of
MCP(f, K) if and only if (y.,)%) is a solution of MCP(g, K), where y, = i(x,)
is the inversions of x,

1 2x£-
[

and g = Z(f) is the inversion of f.

»=
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Proof. First we have to prove that y% € g(y.). Dividing both sides of the
relation ¥/ € f(x,) by ||x.||” we obtain

.f(x*))

we 2
12|

which implies y¢ € ||y.]*(i(3.)) = Z(f)(».) = g(».). It is easy to see that

(3er3) = HX1||4 (.0, (5)
and .
(yf,z) = ||x ||2 <xj:az>> (6)

for every z € K. By using (9),

(x*, x{k> =0
if and only if
(e, 05) = 0.
By using (6), X/ € K* if and only if ¢ € K*. O

THEOREM 92. Let (H,(-,-)) be a Hilbert space K C H a closed pointed
convex cone and f:K — H a set-valued mapping with non-empty values.
{Xr},50 C K\ {0} is an exceptional family of elements for f with respect to
K if and only if {y.},.o C K\ {0} is an infinitesimal exceptional family of
elements for g with respect to K, where y, = i(x,) and g = Z(f).

Proof. Bearing in mind the notations of Definition 8.1, we have

vl‘ = :uryr +y§7
fOI' some yf*’ S g(y,) HCHCS,

. »
Vr = ||yr||2 <ﬂ;~l(y1‘) + )

3
[yl
Since i~! = i, we have
1 2
= —— (s + %), (7)
(B
Let
' 2
o o= o P 8)

We have x/ € f(x,). Indeed,

X e llxPewn) = I PZ) ) = xRy P AEG)) = f(x).
Now let
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Up = WX + X( 9)
Equations (7-9) imply that
) 1
P = 5 Up.
[l
Therefore,
1
<Vr,yr> =4 <ura xr) (10)
[l
and
1
<V,:,Z> :—2<ul‘72>7 (11)
[l

for every z € K. Since ||x.|| - [[y:|| =1, ||x;]]| = +o0 if and only if y, — 0.
By using (10),

(tryx,) =0
if and only if

(v, yr) = 0.
By using (11), 4, € K* if and only if v, € K*. O

THEOREM 93. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone and f: H— H an u.s.c set-valued mapping with non-empty val-
ues such that

1. x—f(x) is projectionally ®-condensing, or f(x) = x — T(x), where T is
a c.u.s.c. set-valued mapping with non-empty values,

2. x—f(x) is projectionally approximable and Pg|x — f(x)] is with closed
values,

3. fI0)NK*=0.

If every infinitesimal exceptional family of elements for g=7I(f) with
respect to K contains 0, then the multivalued complementarity problem
MCP(f, K) has a non-zero solution.

Proof. Since f(0) N K* = (), if MCP(f, K) has a solution, then this solution
is non-zero. By Theorem 7.1, it is enough to prove that f is without excep-
tional family of elements with respect to K. Suppose to the contrary that
{x,},~( is an exceptional family of elements for f with respect to K. Since
SI0)NK*=(), by the definition of an exceptional family of elements
{x;},-0 € K\ {0}. Hence, by Theorem 9.2, g =Z(f) has an infinitesimal
exceptional family of elements with respect to K which does not contain 0,
which is a contradiction. ]
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THEOREM 94. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone, [:H — H a set-valued mapping with non-empty values and
g =I(f). Then, f satisfies condition ® with respect to K if and only if g sat-
isfies the condition '© with respect to K.

Proof. Since g =Z(f) and Z(Z(f)) =1, it follows that

f=1I(g). (12)
Suppose that g satisfies condition ‘@ with respect to K and prove that f

satisfies condition ® with respect to K. Consider the constant /4 of condi-
tion ‘® and let

p =7
Let x € K with
Ix]l > p, (13)

y=i(x) and ¥ € f(x). Let y¢ = x//||x||>. We have »¢ € g(y). Indeed, by
(12) we have
2 .
e S T(@)(x) _ Ix[I"gli(x)) ().

2 2 2
[l [l ]

Since

1
] N
it follows that ||y|| < A. Hence, by condition '®, there exists ¢ € K with
(q,y) < ||y|I* such that

Let
q
pP=—"—"3 (15)
gl
Since (¢,y) < ||y||* and i"! = i, relation (15) implies that
g _ 1
(p,x) = -TF < —= = ||x]%. (16)
I vl
By (14) we also have,
(x = p. ) = Il (x = p, %) = ¥y = 4,5 20 (17)

By (13), (16) and (17) f satisfies condition O with respect to K.

Now, suppose that f satisfies condition © with respect to K and prove
that g satisfies condition ‘© with respect to K. Consider the constant p > 0
of condition ® and let
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h=-—.
0

Let y € K\{0} with |[y|| < 2. We have to prove that there exists ¢ € K with

(q,y) < Hsz such that (y — ¢, %) >0, for all y¢ € g(y). Since f=7Z(g), we
can proceed as above. ]

The next theorem can be proved similarly to Theorem 9.4.

THEOREM 9.5. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone, f:H — H a set-valued mapping with non-empty values and
g =Z(f). Then, f satisfies condition ® with respect to K if and only if g satis-
fies condition '® with respect to K.

THEOREM 9.6. Let H be a Hilbert space, K C H a closed pointed convex cone
and [+ H — H an u.s.c set-valued mapping with non-empty values such that

1. x—f(x) is projectionally ®-condensing, or f(x) = x — T(x), where T is
a c.u.s.c. set-valued mapping with non-empty values,

2. x—f(x) is projectionally approximable and Pg|x — f(x)] is with closed
values.

If ¢ =1I(f) satisfies condition '© with respect to K, then the multivalued
complementarity problem MCP(f, K) has a solution.

Proof. By Theorem 9.5, f satisfies condition ® with respect to K. Hence,
Theorems 7.1 and 7.2 implies that the multivalued complementarity prob-
lem MCP(f; K) has a solution. ]

THEOREM 9.7. Let H be a Hilbert space, K C H a closed pointed convex
cone and f: H— H an u.s.c set-valued mapping with non-empty values such
that
1. x—f(x) is projectionally ®-condensing, or f(x) = x — T(x), where T is
a c.u.s.c. set-valued mapping with non-empty values,
2. x—f(x) is projectionally approximable and Pg|x — f(x)] is with closed
values.

If ¢ = I(f) satisfies condition i® with respect to K, then the multivalued com-
plementarity problem MCP(f, K) has a solution.

Proof. By Theorem 9.4, f satisfies condition O with respect to K. Hence,
Theorems 7.1 and 7.3 implies that the multivalued complementarity prob-
lem MCP(f, K) has a solution.

THEOREM 9.8. Let (H,(-,-)) be a Hilbert space, K C H a closed convex cone
and [ : H — H an u.s.c set-valued mapping with non-empty values such that
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1. x —f(x) is projectionally ®-condensing, or f(x) = x — T(x), where T is
a c.u.s.c. set-valued mapping with non-empty values,

2. x—f(x) is projectionally approximable and Pg|x — f(x)] is with closed
values.

If there is a 6 > 0 and a mapping h : B(0,0) N K — K with h(0) = 0 and
W 0) < 1,
(I = hZ())7(0) >0,

where B(0,0) ={z € H:|z|| < 0}, then the multivalued complementarity
problem MCP(f, K) has a solution.

Proof. Let g =Z(f). Since E#(O) < 1, there is a 4; with 0 < 4; < J such
that for every y € K with ||y|| < 4; we have

(h(»),») < I¥II*. (18)
Since
(I—h,g)"(0) >0,

there is a /A, with 0 < Ay < ¢ such that for every y € K with ||y|| < 2, we
have

<y_h(y)7yg> > 07 (19)
for all y* € g(y). Let 2 =min{4;, 42}. Obviously,

A>0. (20)
For

vl < 2 (1)
let ¢ = h(y). Then, relations (18) and (19) imply

(g,7) < IvIP. (22)
and

respectively for all y¢ € g(y). Hence, relations (20)—(23) imply that g satis-
fies condition ‘®. Hence, Theorem 9.7 implies that the problem MCP(f, K)
has a solution.

In the particular case 4 = 0 we have as follows:

COROLLARY 9.1. Let (H,(-,-)) be a Hilbert space, K C H a closed pointed
convex cone and f: H — H an u.s.c set-valued mapping with non-empty val-
ues such that
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1. x —f(x) is projectionally ®-condensing, or f(x) = x — T(x), where T is
a c.u.s.c. set-valued mapping with non-empty values,

2. x—f(x) is projectionally approximable and Pg|x — f(x)] is with closed
values.

If T(H7(0) > 0, then the multivalued complementarity problem MCP(f, K)
has a solution.
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